Abstract. Several methods are presently suggested for investigating pre-earthquake evolution of the regions of high tectonic activity based on analysis of the seismicity spatial distribution. Some precursor signatures are detected before strong earthquakes: decrease in fractal dimension of the continuum of earthquake epicenters, cluster formation, concentration of seismic events near one of the nodal planes of the future earthquake, and others. In the present paper, it is shown that such peculiarities are typical of the evolution of the shear crack network under external stresses in elastic bodies with inhomogeneous distribution of strength. The results of computer modeling of crack network evolution are presented. It is shown that variations of the fractal dimension of the earthquake epicenters' continuum and other precursor signatures contain information about the evolution of the destruction process towards the main rupture.
Introduction
The observations of spatial and temporal seismicity patterns play an important role in earthquake long-term forecasting. Several precursor phenomena were observed and studied before strong earthquakes: the decrease in b-values (Suyehiro et al.,1964; Smith, 1981) , the appearance of zones of seismic quiescence, where the seismicity level was weaker than in the surrounding area (Wyss and Haberman, 1988; Wyss and Haberman, 1997) , and the power-law increase in the cumulative energy of earthquakes (Bowman et al., 1998; Brehm and Braile, 1998; Jaume and Sykes, 1999; Main, 1999; Robinson, 2000) . In addition, the seismicity clustering was observed before strong earthquakes (Zavialov and Nikitin, 1999; Giombattista and Tyupkin, 1999) . In addition, according to descriptions of laboratory experiments and seismicity observations, acoustic emission and seismicity hypocenters tend to concentrate close to the nodal plane of a future
Correspondence to: D. Kiyashchenko (denis@geo.phys.spbu.ru) main rupture. In this connection, the laboratory experiments of Mogi and Scholz ought to be mentioned (Mogi, 1968; Scholz, 1968) . Moreover, the same pattern was observed in the seismicity behaviour of the Kamchatka region before some strong earthquakes (Zavialov and Nikitin, 1999) . The formation of spatio-temporal clusters of acoustic emission, and hypocenter concentration close to the nodal plane of the main rupture were observed in the laboratory experiment by Sobolev and Ponomarev (1999) .
These precursor phenomena have one important property: the evolution of spatial inhomogenity of the seismicity distribution in a wide range of scales. A suitable method of description of the inhomogenity of the seismicity spatial distribution is based on a fractal approach. The results of corresponding investigations show that seismicity has statistically self-similar properties in a wide range of scales. Therefore, it can be treated as fractal or multifractal. Several papers are related to this item (Sadovsky et al., 1984; Okubo and Aki, 1987; Geilikman et. al, 1990; Hirata and Imoto, 1991; Hirakashi et al., 1992; Turcotte, 1993; Wang and Lee, 1996; Lapenna et al., 2000) . However, only few papers are reported, where the dynamics of fractal properties of seismicity were studied before strong earthquakes.
The gradual decreasing of the correlation exponent of the spatial distribution of acoustic shocks was observed by Hirata et al. (1987) during the destruction of granite sample. The correlation exponent is a kind of fractal dimension, which can be calculated for the group of points according to the following algorithm. Let N (R) be the number of pairs of points, which are characterized by mutual distance, which does not exceeds R. Then, if the relation log(N(R)) = b − a log(R) is true (the distribution of points has a fractal structure), a is called the correlation exponent. The calculation of the correlation exponent is more suitable for the analysis of small sets of data than the calculation of fractal dimension by the box-counting method.
The behaviour of the fractal dimension (calculated by the box-counting method) of the continuum of earthquake epicenters was studied by Uritsky and Troyan (1998) . The ma- terials of the world-wide seismicity data center were processed. The fractal dimension was calculated for the twoyear period before and after 23 strong earthquakes. In 16 out of 23 cases, the pre-earthquake period was characterized by a lower fractal dimension.
Hence, the evolution of the inhomogenety of spatial distribution of seismicity in different scales, manifesting itself as a decrease in fractal dimension, can be interpreted as a signature of the earthquake preparation process.
It is necessary to mention recent studies, dealing with the precursor phenomena, which are not connected directly with the evolution of the inhomogenity of spatial distribution of the seismicity. The observation of these precursor phenomena gave the evidence of the intensifying of long-range spatial correlations in the seismicity prior to mainshock. Zoller and Hainzl (2001) observed the growth of the correlation length of seismicity prior to the main strong California earthquakes. The correlation length was calculated for the events, occurring within a sliding time window, by using single link cluster (SLC) analysis, described in Sect. 3 of the present paper. Shebalin et al. (2000) studied the manifestation of longrange correlations in the seismicity according to the algorithm, described below. The distance was assigned as R(i, j, τ ) between the events with numbers i and j , which occurred within the time interval τ . The considered events were not supposed to be weak (with magnitude M > M 0 ). The distribution function of R(i, j, τ ) was studied for a six-month period before (D-intervals) and after (N-intervals) strong earthquakes. The authors found that the values of the distribution function corresponding to upper values of R(i, j, τ ) were larger for intervals N. It means that the comparative amount of events, situated within the mutual distance, larger than R, was higher for intervals D (for the case of comparatively high values of R(i, j, τ )). Therefore, the long-range correlations in seismicity are more intensive for the pre-earthquake periods.
The present paper contains the results of a numerical simulation of the destruction of a mechanically inhomogeneous elastic body with a number of cracks. The effects of synthetic seismicity clustering, the behaviour of fractal dimension, the appearance of long-range correlations and manifestation of other precursor phenomena during the destruction process are discussed. It is shown that such precursor phenomena, τ is the external stresses; x(x 1 ), y(x 2 ), z(x 3 ) represent the coordinate system. a n0 (x n0 , y n0 ) represents the position of the crack with the number n on the complex plane; α n is the angle between the crack plane and the axis x 1 ; l n is the half of the crack length.
observed in the experiments, must be typical for the destruction of elastic bodies containing a number of cracks.
The second part contains the description of the model of an elastic body with cracks under external stresses and the results of studying crack interaction. The role of crack interaction in spatial organizations of seismicity is discussed.
The third part deals with the simulation of the destruction process and the study of the dynamics of the properties of synthetic seismicity.
The model of shear cracks in the elastic body under external stresses
It is well known that the origin of an earthquake is the destruction of rocks under increasing tectonic stresses. The stresses lead to a growth of initial small cracks, causing the release of elastic wave energy during earthquakes. Hence, it is important to study crack network evolution under external stresses in order to understand the earthquake preparation process.
In the present study, we consider the evolution of antiplane shear cracks (cracks of mode 3) in elastic volume under longitudinal (antiplane) external stresses (Fig. 2) . These cracks are infinite in direction, parallel to applied stress (y-axis on Fig. 2 ). Such kinds of cracks can represent a network of faults in the Earth's crust, where the length is much larger than the width. Such a model is mathematically simple. It allows us to make the numerical calculations for cases with large numbers of cracks in the network. In spite of its simplicity, this model reproduces the main features of the evolution of a network of cracks of more general types.
When the external stresses in elastic media reach some critical value, some cracks begin their rapid propagation. Hence, it is necessary to define the criteria for the beginning of crack propagation.
This criteria is based on the consideration of the stresses near the crack edge. In the general case, the stress tensor components near the edge (Fig. 1 ) of the crack can be written as follows (see Lawn and Wilshaw, 1977; Liebowits, 1968) :
where K m represents the stress intensity factors, depending on the applied loading, and on the crack geometry; f ij (θ ) is the function of latitude angle θ . Let us consider the crack of general type and select the local Cartesian coordinate system near its edge, as it is shown in Fig. 1 . Then the stress tensor components will obey to the relations:
which can be treated as the definition of the stress intensity factors. The presence of an infinite stress value in the crack tips (1) is the result of the model simplifying. It was assumed that the crack tip in an unstressed state is absolutely sharp, and the crack walls are free of traction. It can be shown that the stresses near the crack edge are finite, if the traction forces (of atomic origin) between the crack walls near its tips are taken into consideration (Dugdale-Barenblatt "thin zone" model). In the case of brittle solids, the estimation of the size of zone, where traction forces are applied, gives the value of the order of nm. Therefore, the presence of such a zone can be neglected for macroscopic cracks. Hence, Eq. (1) gives an exact description of the stress distribution near the edge of macroscopic crack.
The criteria for the beginning of crack growth can be derived using the law of energy conservation for elastic media near the crack tip (see Lawn and Wilshaw, 1977) . Let us imagine that the increment of the square of crack surface has the value dS. Then, in the case of plane stress, the ratio of the strain energy release dW to the value dS can be written as follows:
where ν is Poisson ratio, µ is the shear modulus.
The criteria for the beginning of crack propagation is given by the equation:
where 2γ is the amount of energy that is necessary for the creation of the unit of crack surface (Griffith criteria).
Here we consider the problem of equilibrium of elastic volume with shear antiplane cracks (Fig. 2) . The cracks, stresses and displacements are parallel to the y-axis, and the displacements do not depend on the y-coordinate:
Then, using the well-known relation:
we can infer that the stress tensor σ ij has only four non-zero components:
Here, the numbers 1, 2, 3 correspond to the coordinates x, y, z; λ, µ are Lame parameters;
According to the Eqs. (2) and (4), only the third stress intensity factor K 3 in Eq. (2) has a non-zero value. The criteria for the beginning of antiplane crack propagation has a simple form:
where K 3c is the critical stress intensity factor. Hence, it is sufficient to find the stress intensity factors near the crack tips to determine the beginning of crack propagation. Taking into consideration the equations of equilibrium of elastic volume:
we can conclude that the displacements u(x 1 , x 3 ) obey the Laplace equation:
The external stress τ is supposed to be applied remotely from the crack plane:
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The stress τ f , caused by friction forces, can be applied to the surface S n of the crack with number n. The corresponding boundary condition can be written as:
where m is the normal vector to the crack surface. The displacements can be decomposed as:
where u 0 is the solution of equivalent problem (6), (7) of equilibrium of elastic media without crack:
Then the displacement u 1 can be found from the solution of the following problem:
Consideration of the role of friction forces in this model can be reduced by their subtraction from external stresses, if the cracks are assumed to be subparallel (m 3 = 0). Below, we assume that the friction stress τ f vanishes.
The problems (9-11) can be solved using methods of the theory of functions of a complex argument, elaborated by Kolosov and Mushelishvilli (the solution can be found in Appendix A).
The stress intensity factors K 3n± near the tips of the cracks with numbers n = 1,..., N (Fig. 2) can be found from the solution of the system of integral equations:
Here a n0 is the position of the crack center on a complex plane, α n is the angle between the crack plane and the axis x 1 , l n is the half of the crack length, n is the crack number, −l n < y n < l n , the sign +(−) corresponds to the right (left) tip of the crack.
Assuming that the external stress τ does not depend on the x-coordinate, the first integral in (12) can be written as:
The system of integral equations (12) can be solved by the iteration method. The initial approximation is given by the expression (13) for G 0 (y n ). The study of influence of one crack on another is important for the understanding of the crack network behaviour. Let us consider two cracks (n = 1, 2) with the lengths l n , the positions x n , y n , and the angles α n = 0 (Fig. 2) . Then, the ratio
can be the measure of interaction of the crack of number n with another crack, where K 3one = τ √ l n is the stress -intensity factor, calculated for a single crack of the number n in elastic media under the same external stresses. The value of m n± shows the influence of the presence of another crack on the stress intensity factors near the tip of the crack of number n.
The dependence of m n± on the positions of both cracks was studied. The relative positions of both cracks are characterized by the distance d between the centers of two cracks and the angle β, between the x-axis and the line, which connects the centers of the cracks (Fig. 3) . Figure 4a shows the results of calculation of the ratio m 1+ for two equal cracks (l 1 = l 2 = 2). Figure 4b shows the results of the calculation of the ratio m 1+ for the right tip of the first one of the non-equal cracks (l 1 = 2; l 2 = 0.2). Figure 4c shows the behaviour of the ratio m 2− for the left tip of the second one of the non-equal cracks (l 1 = 2; l 2 = 0.2).
The results of the calculations allow us to infer some important conclusions:
1. The effect of crack interaction can be neglected, if the distance between these cracks exceeds several crack lengths.
2. The stress intensity factor near the crack tip increases, if the crack is situated in zone A near another crack (Fig. 5) . Therefore, the risk of destruction is comparatively higher in zone A. The intensity coefficient has a maximal value when the crack is situated on the prolongation of another crack (angle β = 0; Figs. 4a-c).
3. The stress -intensity factor near the crack tip decreases, if the crack is situated in zone B near another crack (Fig. 5) . The risk of destruction is comparatively lower there.
4. The influence of the larger crack at the tip of the smaller crack is significant, if the distance between crack tips is less than several lengths of the larger crack (Fig. 4c ).
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These facts allow us to judge the role of crack interaction in the spatial organization of seismicity:
1. The existence of stress-drop and stress-increase zones near the cracks explain the tendency of earthquake epicenters to form spot-like fractal structures. Therefore, the fractal methods are suitable for monitoring the destruction process evolution. The evolution of spotlike cluster structures of seismicity causes the decrease in fractal dimensions. The aforementioned behaviour of the fractal dimension of synthetic elastic shocks is shown and discussed in the third part of the present paper.
2. A specific form of zones of comparatively higher risk of destruction (Fig. 5 ) must cause an oblong structure of crack clusters. This explains the concentration of the seismicity and the acoustic shocks close to the plane of the main rupture before the mainshock (Mogi, 1968; Scholz, 1968; Zavialov and Nikitin, 1999; Sobolev and Ponomarev, 1999) . On the other hand, the risk of crack propagation is higher in an oblong cluster of cracks. Figure 6 presents the results of the calculation of maximum value of the stress intensity factor K max for two different clusters. The long cluster shows a higher value of K max .
The model of shear cracks, studied in the present work, is simple. The cracks of a more complex type could be considered: curvilinear, with various forms in a plane. The stresses could not be applied to the infinite boundary, but to the surface, situated on the finite distance from the crack plane.
Moreover, the displacements could be fixed on the boundary, instead of on the stresses.
However, it can be assumed that qualitative results, obtained for the crack network evolution model and presented in our paper, can reproduce the most principal features of the behaviour of more complex types of cracks.
The supporting arguments are the following:
1. The stress intensity factors near the tips of all cracks, situated in elastic media under uniform external stress, which are applied remotely from the crack plane, in general, obey the relation: K = mτ √ a, where a is the size of crack, τ is external stress value and m is a dimensionless magnification factor (see Lawn and Wilshaw, 1977) .
2. The presence is evident of the domains of stress-drop and stress-increase near the cracks of different form.
3. When the crack is comparatively small, the influence can be neglected of finite distance between the surface, where the boundary conditions are fixed, and the crack surface. The next results allow one to make such a conclusion:
(a) The solution can be seen of the problem of equilibrium of an elastic block with a crack, where the stresses are applied to the boundary (Panasuk et al., 1976) . The influence of the boundaries becomes significant, if the crack length exceeds the quarter of the distance between the boundary and the crack plane.
(b) Let us consider the crack of mode 3 with length l in the elastic block with fixed displacements on the boundary (Fig. 7a) .
The displacements u(x, z) must obey the equilibrium equation:
The crack surface and the part of the boundary are supposed to be free of stresses:
The displacements are fixed on another part of the boundary:
This problem (14-17) with mixed boundary conditions was solved, using the boundary element techniques (Brebbia et al., 1984) . The results of the calculation of the stress intensity factors near the tip of the crack (Fig. 7a) versus the crack length l are presented by the curve 1 in Fig. 7b . Curve 2 shows the results of the calculation of the stress intensity factor (K = τ √ l) near the tip of the single crack, situated in The results of calculating of the stress -intensity factor near the tip of crack versus the length of crack l (curve 1 -for the displacements, applied on the boundary; curve 2 -for the stresses, applied to the infinite boundary).
elastic volume under equivalent stresses (τ = u 0 /d), applied remotely from the crack surface. The effect of the boundaries is significant when the crack length exceeds the half of the distance between the boundary and the crack plane.
Simulation of the destruction process
We considered elastic volume with N subparallel cracks of mode 3, shown in Fig. 2 . The increasing stresses were applied to infinite boundary of the volume. The stress intensity factors near the crack tips were inferred from the solution of the system of integral equations (12) using first-order approximation. The reliability of the first-order approximation is shown in Fig. 8 . If the distance between the crack tips exceeds the crack length, the first-order approximation gives a quantitative estimate of crack interaction. In the opposite case, the first-order approximation gives a qualitative estimate of crack interaction. It was assumed that the crack propagated if K > K c , where K is the stress intensity factor near the crack tip, and K c is the critical stress intensity factor. A real rock contain pores, microcracks, layers, contact zones. It can be seen from Fig. 4b that the influence of the presence of the small crack near the tip of a big crack can cause variations in the stress- intensity factor near its tip. If we do not take into account the cracks with extremely small size, their influence can be interpreted as a local variation of K c . The presence of water in the media can also reduce the local rock strength. Hence, this allows us to consider that there are many levels of K c in rocks: K c1 , K c2 , K c3 , . . . , K cn . According to some estimations of the ratio (3) (see Rice, 1980) , the variance of K c in rocks can be assumed to be much larger than the variance of elastic modulus. This allows us to use the simplification of the homogeneous elastic media with highly inhomogeneous distribution of strength.
The elastic volume considered was divided into a number of parts. Each part was characterized by its own K c . The different values of K c were randomly distributed in the media. The number of blocks N b , characterized by critical stress intensity factor K c , depend on its value:
Indeed, it is difficult to do any reasonable suppositions, in general, about the relative portions of domains in the elastic media with different values of K c . The assumption (18) allowed us to obtain a sufficient number of synthetic elastic shocks during the simulation of the destruction process without consideration of the extremely high number of cracks.
The initial cracks were randomly distributed within the media. They had the length l = l 0 . According to the assumption (18), most of them were situated in the domains 152 D. Kiyashchenko and V. Troyan: The pecularities of shear crack pre-rupture evolution with low values of K c . This feature reproduces the evident tendency of cracks to appear in the domains of elastic media, characterized by low values of strength in the beginning of destruction process.
The stress was increased with constant velocity v 0 :
The destruction process was stopped when both crack tips reached the border of the block.
The simulation was accomplished for the following model parameters: The manifestation of several precursor phenomena, observed in seismicity, was studied for a simulated destruction process. The results are summarized below.
Analysis of the dynamics of correlation dimension of spatial distribution of synthetic elastic shocks.
The destruction process was divided into three stages (stage 1: t = 11 536 − 18 500 s, N = 337; stage 2: t = 18 500 − 35 473 s, N = 337; stage 3: t = 35 350−61 501 s, N = 369), which had almost an equal number (N ) of synthetic elastic shocks. This was necessary for stable estimation of the correlation exponents of the shock epicenters distribution.
The correlation exponents were calculated for these three stages using the linear part of the log-log dependence by the least square method. The nonlinear part of the log-log plot on the large scales appeared due to boundary effects. The same feature also occurred at small scales, due to the formation of clusters of synthetic shocks, produced by the development of one and the same crack.
The elastic shock distribution and the crack network at the end of each stage are shown in Figs. 9a-c.
The correlation exponents calculated for the three stages are, correspondingly, D 1 = 1, 68; D 2 = 1.63; D 3 = 1.58. The evolution of the cluster synthetic seismicity structure can be seen during the simulated destruction process. The minimal value of correlation exponent was observed before the main rupture moment.
Moreover, it can be seen that at the last stage, synthetic seismicity tends to concentrate close to the plane of future rupture. This fact is in agreement with the results of experiments mentioned in the Introduction to this paper. 
Analysis of the dynamics of the relative number of synthetic elastic shocks with high magnitude.
The empirical relation M ∼ lg(E) ∼ lg(l) exists in seismology (see Sobolev and Ponomarev, 1999) between the length l of earthquake rupture and its energy E (magnitude M). Therefore, the length of an appearing crack can be treated as a measure of the magnitude of the corresponding shock. The differential length l of the newly appeared crack, corresponding to a synthetic shock, was defined as the difference between the lengths of the crack after and before its propagation.
The relative number of synthetic elastic shocks with 154 D. Kiyashchenko and V. Troyan: The pecularities of shear crack pre-rupture evolution high magnitude was defined for N 0 events as the ratio r = N (l > l 0 = 0.5cm)/N 0 , where N (l > l 0 ) is the number of events, for which the differential length of the appeared crack is larger than l 0 .
The ratio r was calculated for the events that occurred within the sequence of time intervals T n ≡ (t n ; t n+300 ). Here t n is the time of occurrence of the event with the number n, which changes in the limits (1, N − 301), where N is the number of all events obtained during the simulation of the destruction process. The dependence of the ratio r versus t n is shown in Fig. 10 . A gradual increase of r was observed during the simulated destruction process.
The increase in the relative number of shocks with high magnitude is in agreement with the decrease in bvalues, observed in the seismicity prior to strong earthquakes. The decrease in the slope of the crack size distribution function was also reproduced by the model of Czehovski (1995) , realizing the kinetic approach to the study of the crack network evolution. Due to a comparatively small amount of events obtained during the simulation of the destruction process, the calculation of b-values was not performed in the present study.
Analysis of the dynamics of correlation length for synthetic elastic shocks.
The correlation length was calculated, using single-link cluster analysis (see Zoller and Hainzl, 2001) . Let N 0 be the whole amount of earthquakes. Each individual event is linked to its nearest neighbour event in space in order to form a set of small clusters. This process is repeated, recursively, until N 0 events are connected by N 0 − 1 links. The distribution function F (l) gives the probability that the link length is smaller than or equal to l. The correlation length l c is defined by the condition F (l c ) = 0.5.
The correlation length l c was calculated for the events that occurred within the sequence of time intervals T n , each containing 300 events. The calculation of correlation length was performed for an equal number of shocks for stability of its estimation.
The dependence of correlation length l c versus t n is shown in Fig. 11 . The correlation length increases rapidly at the beginning stage of the destruction process, and then oscillates near some constant value.
Analysis of the dynamics of spatiotemporal correlations in the seismicity.
In order to study the evolution of spatiotemporal correlations in the seismicity, we studied the dynamics of relative numbers N 1 (N 2 ) of the pairs of events situated within mutual distance 0 < R(i, j, τ ) < 2. (2. < R(i, j, τ ) < 4.), and occurred within temporal interval τ . Like Shebalin et al. (2000) , we supposed that the events were not weak (the corresponding differential length of the crack was supposed to be larger than 0.05 cm). The parameter τ = 1 was supposed to be less than the ratio
10N , where t n , N has the same meaning, as in the previous point. The values of N 1 (N 2 ) were calculated for the events, that occurred within the sequence of time intervals T n , each containing 300 events.
The results of the calculation of N 1 and N 2 for the simulated destruction process are shown in Figs. 12a and  12b , correspondingly. The behaviour of N 1 is similar to the behaviour of correlation length (Fig. 11) . At the beginning stage, N 1 increases, and then oscillates near an almost constant value. The dynamics of N 2 is another one. At the beginning stage this value increases comparatively slowly. But prior to the mainshock, N 2 increases rapidly. This phenomena reveals the intensification of the long-range correlation in synthetic seismicity prior to the mainshock. Moreover, Figs. 12a and 12b demonstrate the temporal clustering of the synthetic seismicity during the evolution of the destruction process. This is in agreement with the observations of Sobolev and Ponomarev (1999) .
The method, suggested by Shebalin et al. (2000) , seems to be more efficient for studying long-range correlations, than a simple calculation of correlation length (Zoller and Hainzl, 2001) , because it takes into consideration temporal correlations in the seismicity, in addition to spatial distribution.
Discussion
The model of the earthquake preparation process, considered in the present paper, explains and reproduces the set of precursor phenomena, including the changes in correlation dimension of spatial distribution and the intensification of spatiotemporal long-range correlations in the seismicity.
At the beginning of the destruction process elastic shocks are linked to the domains of elastic media, characterized by low strength values. Such domains are supposed to be randomly distributed in elastic volume. Therefore, the correlation exponent had to be high at the beginning stage of the destruction process (Fig. 9a) . The cracks are growing and their interaction causes the formation of clusters of elastic shocks (Figs. 9b and 9c ) in a wide range of scales. This causes the decrease in the correlation exponent.
The radius of interaction of growing cracks increases. Therefore, the cracks can induce the propagation of other cracks, situated further away from them. This is the reason for temporal clustering and appearance of long-range correlations in the seismicity during the crack network evolution.
Hence, the evolution of spatial inhomogenity of the seismicity distribution and the appearance of long-range correlations have the same origin in the frame of the considered model and must be typical features of the destruction of elastic bodies containing a number of interacting cracks.
The decrease in the fractal dimensions of elastic shock distribution and the appearance of long-range correlations can be interpreted as an indicator of the evolution of crack interaction during the destruction of the elastic volume. The results of the second part of this paper allow one to assume that the degree of intensity of the interactions of cracks in the network can be treated as the measure of the risk of the occurrence of rupture, since the crack interaction can cause strong variations in the stress-intensity factors near the crack tips.
Therefore, monitoring of the aforementioned peculiarities in spatial and temporal distributions of seismicity can give us the information about the evolution of the destruction process in the Earth's crust towards the main rupture.
In the present study, following Hirata et al. (1987) , we used the correlation integral method for analysis of the spatial distribution of synthetic seismicity. Uritsky and Troyan (1998) studied the behaviour of fractal dimension, calculated by the box-counting method. The selection of the most appropriate method of analysis must depend on the kind of data set. However, the most common approach can be based on the multifractal theory. The analogy can be seen between the redistribution of stress in elastic volume during the crack formation processes and the redistribution of the measure in the multifractal process. Therefore, the application of multifractal methods seems to be suitable for monitoring the destruction processes.
Appendix A The solution of the problem of equilibrium of antiplane shear cracks in elastic volume under antiplane external stresses.
The problem of equilibrium of shear cracks of mode 3 is stated in Eqs. (9)- (11). A more general statement of this problem can be written as:
Here µ is shear modulus; m is the normal vector to crack surface; τ n (x) is shear stress, applied to the surface S n of the crack with number n (Fig. 2) ; variable x (−l n < x < l n ) represents the position of the point on the crack surface; l n is the half of the length of the crack. Taking into consideration Eqs. (A1) and using Koshi-Riman relations, the problem (A1)-(A3) can be rewritten as:
where ϕ(z) is some function of a complex argument z = x 1 + ix 3 . Hence, it is necessary to find the function ϕ(z). Let us imagine that we know the jump of the displacements on the crack surface:
where +(−) corresponds to upper(lower) part of the crack surface. Then, taking into account that [I m(ϕ (z))] S n = 0, we can obtain the relation:
The function ϕ(z), satisfying this relation for any crack, can be composed as:
where a n0 is the position of the crack center on a complex plane; α n is the angle between the axis x 1 and the crack plane. Let us select the coordinate system in such a way that z n0 = 0 and α n = 0 for the crack with number n. Then:
where G(z) is continuous function on the crack surface (G + (z) = G − (z)). According to Plemel's theorem, if
Therefore, it can be seen that the expression (A9) for ϕ (z) satisfies the condition (A8).
The expression for the value of ϕ (z) on the surface of the crack with number n can be written as: 
where −l n ≤ y ≤ l n . Taking into consideration the condition (A5), we will obtain the following integral equation: 
The relation (A16) and Plemel's theorem allow us to infer that the function F (y) can be represented by the following equation:
Taking into consideration the relations (A15) and (A17), we can conclude that:
Performing trivial derivations, we will obtain the following integral equation for the determination of the function γ n (y): 
It can be shown that the stress intensity factors near the crack tips can be expressed using the function γ n (y) in the following way:
In order to obtain the expression for the stress intensity factors near the tips of the crack with number n, we have to consider the singular part of function ϕ(y) when y → ±l n . It can be easily seen that the second term in the right part of (A10) is a regular function of y. So, it is necessary to consider only the first term:
The function of y in the right part of Eq. (A20) is also regular. Therefore, it can be expanded in Tailor series in the vicinity of the tip of the crack (for example, left tip): γ n (y) l 2 n − y 2 = f (y) = f (−l n )
+f (−l n )(y + l n ) + . . . .
